The effect of gelatinization of dietary starch (wheat, corn and potato) on the distribution of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase along the small intestine of rats was studied in villus and crypt cell populations isolated by graduated scraping. Gelatinized starch preferentially stimulated jejunal reductase activity in both villus and crypt cells and consequently retained the ileojejunal gradient for the reductase activity which is characteristic for rats fed on a sucrose or glucose-enriched semi-purified diet. The distribution of the reductase in rats fed the raw starches, however, depended on the degree of gelatinization of the preparations; raw wheat starch maintained the ileojejunal gradient, whereas the corn or potato starch eliminated the gradient, and with the latter in particular, the reductase activity tended to be higher in the ileum than in the jejunum. The digestibility of dietary starches seems to be closely related to the intertissue distribution of the intestinal HMG-CoA reductase activity.
Summary
The effect of gelatinization of dietary starch (wheat, corn and potato) on the distribution of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase along the small intestine of rats was studied in villus and crypt cell populations isolated by graduated scraping. Gelatinized starch preferentially stimulated jejunal reductase activity in both villus and crypt cells and consequently retained the ileojejunal gradient for the reductase activity which is characteristic for rats fed on a sucrose or glucose-enriched semi-purified diet. The distribution of the reductase in rats fed the raw starches, however, depended on the degree of gelatinization of the preparations; raw wheat starch maintained the ileojejunal gradient, whereas the corn or potato starch eliminated the gradient, and with the latter in particular, the reductase activity tended to be higher in the ileum than in the jejunum. The digestibility of dietary starches seems to be closely related to the intertissue distribution of the intestinal HMG-CoA reductase activity. Cholesterol synthesis in the liver together with intestine accounts for approx imately 90% of net cholesterol production in the whole body of the rat (1, 2) . In these tissues, cholesterol biosynthesis is regulated by the rate-limiting enzyme, 3 -hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase [E.C.1, 1, 1, 341(3). It has been observed that the activity of HMG-CoA reductase and, hence, the cholesterol synthetic activity, are predictably different along the length of the small intestine (4, 5) . The jejunoileal gradient for the reductase specific activity was reversed by replacing a commercial non-purified diet with a sucrose or a glucose enriched semi-purified diet (6, 7) . This type of reversal was, however, not repro H. OKU, T. IDE, and M. SUGANO ducible when corn or potato, but not wheat, starches were included in the semi purified diet as a substitute for sucrose (7) . Thus, the digestibility of starch appears to have a critical role in determining the distribution of the intestinal reductase activity. The digestibility was found to be very low in raw potato as compared with wheat starch (8) . Assay of microsomal HMG-CoA reductase activity. Immediately after de capitation, the small intestine proximal to the ileo-cecal junction was removed quickly and flushed thoroughly with ice-cold saline and was divided into two equal portions; the proximal and the distal portion were designated as jejunum and ileum respectively. Villus and crypt cells were separated by the graduated scraping technique described by Dietschy and Siperstein (13) . The accuracy of this procedure for separation of the two cell populations was frequently checked, with less than 1500 of contamination of each other being found (6) HMG-CoA reductase activity using trypsin inhibitor was accomplished as reported previously (14) . Microsomal protein was determined by the method of Lowry et al. (15) after precipitating protein with 1000 trichloroacetic acid and using bovine serum albumin (Sigma Chemical Co., St. Louis, MO) as a standard. Lipid analyses. Serum and liver cholesterol, triglyceride and phospholipid were determined as described elsewhere (16) .
Statistical analysis. The data were analyzed by Studen's t-test (17) .
RESULTS
Effect of gelatinization on HMG-CoA reductase distribution Different types of starches from wheat, corn and potato were used as carbohydrate sources. There were no significant differences in food intake and body weight gain between paired rats fed either raw or gelatinized starch during the short feeding periods of 6-7 days, except for a higher food intake in the raw potato starch group than in the gelatinized counterpart.
The effect of the gelatinization of wheat starch was initially examined. Consistent with a previous study (7), the ileojejunal gradient for the reductase specific activity was maintained both in villus and crypt cells in rats fed on the experimental diet containing raw wheat starch; the jejunum showed a higher activity than did the ileum (Fig. 1) . The situation remained essentially unchanged even when the raw starch was replaced with gelatinized, although the reductase activity in the jejunal crypt was considerably enhanced. We then examined the effect of the gelatinization of corn starch on the distribution of reductase. As shown in Fig. 2 , feeding a raw corn starch diet resulted in the elimination of the ileojejunal gradient inducible on supplying a sucrose enriched semi-purified diet; the reductase activity became evenly distributed along the intestine in agreement with the previous observation (7). The feeding of gelatinized corn starch, however, significantly increased the jejunal, but not ileal, reductase activity in both villus and crypt cells and consequently manifested the distinct ileojejunal gradient. As a result, the distribution pattern of the intestinal reductase in rats fed the gelatinized corn starch resembled that of those rats fed sucrose or both raw and gelatinized wheat starch preparations.
The digestibilities of raw starches differ, depending on their sources. Potato starch is known to be considerably poorly digestible compared with corn or wheat starch (8, 18) . Thus, in the following experiment, we studied the effect of the gelatinization of potato starch on the distribution of the reductase activity. In contrast to the case of raw wheat-starch feeding, the ileal reductase activity tended to be higher than that of the jejunum both in villus and crypt cells in rats fed raw potato starch (Fig. 3) . Thus the jejunoileal gradient, usually observable in rats fed on a commercial non-purified diet, was still almost completely retained though the reductase activity was low on the whole. In contrast, when raw potato starch was replaced by the gelatinized counterpart, the ileojejunal gradient became apparent due in particular to an increase in the jejunal reductase activity in the two cell populations. In addition, gelatinization stimulated the reductase activity through out the entire length of the section observed. Effect of gelatinization on serum and liver lipids The effects of gelatinization on serum and liver lipid concentrations were studied using three types of starches (Table 1 ). There were no significant differences (7). Feeding of glucose or sucrose-enriched semi-purified diets to rats that had been maintained on a commercial non-purified diet caused an enhancement of the jejunal reductase activity with a concomitant reduction of the ileal activity. Thus, the cholesterol synthesizing activity is higher in the jejunum than in the ileum in these animals. Consistent with previous observations (7), the present study indicated that the distribution of the reductase varied in response to the source of the dietary starch; on feeding raw wheat starch, the ileojejunal gradient still persisted, while with raw corn or potato starch, the gradient disappeared.
The digestibility of raw potato starch is known to be quite low as compared with that of raw cereal starches such as wheat or corn (8, 18) . There is a possibility that a wide difference in the digestibility of dietary starch may affect cholesterol synthesis directly or indirectly, presumably through modification of the structure or metabolism of the mucosal cells. In our starch preparations, raw wheat-starch was found to have a relatively higher gelatinization value in comparison with raw corn or potato starch (see MATERIALS AND METHODS). The distribution of the reductase activity was influenced by the degree of gelatinization; with the least digestible carbohydrate source, potato starch, the pattern rather resembled that observable in rats fed on a non-purified diet, while with the most digestible carbohydrate, wheat starch, the ileojejunal gradient could be confirmed though not so distinctly as in the case of feeding a sucrose-enriched semi-purified diet. Alternatively, the slight difference in the distribution of the reductase activity in rats fed either raw corn or potato starch could be ascribed to the difference in the particle size or physicochemi cal properties of starch granules (18) and, hence, digestibility. In order to improve digestibility, raw starches were gelatinized (19) . Gelatinized starches, in all cases studied, stimulated jejunal reductase activity specifically; thus no difference was observed in reductase distribution among different starch sources.
Intestinal as well as hepatic cholesterogenesis is regulated by a variety of factors such as alimentation (5, 20) , serum lipoproteins (21, 22) , and intraluminal sterols and bile acids (13, 23, 24) . In the present study, the level of alimentation is comparable in each animal pair. Hence changes in the distribution patterns of the reductase following ingestion of either raw or gelatinized starch may be ascribed to the interplay of the effects exerted by the levels of intraluminal bile acid and cholesterol and serum lipoproteins. In this context, the neutral detergent residue (dietary fiber) included in the semi-purified diet at the 20% level completely eliminated the ileojejunal gradient (7). Raw starches, especially those of low digestibility, therefore, may behave like dietary fiber, so that raw potato starch in particular would effectively diminish the ileojejunal gradient. In this regard, it has frequently been demonstrated that dietary fiber could specifically alter the absorp tion of cholesterol and bile acid (25) (26) (27) ).
In conclusion, though the exact mechanism responsible for the present observation remains unclear, it seems that the digestibility of dietary carbohydrate is closely relevant to the pattern of distribution of HMG-CoA reductase activity along the small intestine. These observations again confirm the importance of appropriate selection of tissue for the study of intestinal cholesterogenesis.
